Background: The incidence of Kala Azar (KA), a neglected tropical infectious disease, describes the pattern of disease, but is not principally concerned with explaining its causes. The transmission of the infectious diseases is determined by the complex interactions between environmental and socioeconomic factors. Environmental factors are predicted to have a signifi cant impact on disease transmission; moreover, socioeconomic factors modify the magnitude and direction of these impacts. A number of studies have examined possible determinants of KA in endemic countries of the world; however, most of them appear to have used either qualitative approaches or subjective speculations. None of the studies indicates in quantitative terms the potential effects of poverty-alleviation programs on the incidence of KA. Materials and methods: Data related to charecteristics of community were collected from primary as well as secondary sources. Underlying socioeconomic determints on KA incidence were estimated by exploiting a linear multiple regression.
A ccording to the World Health Organization (WHO), Leishmaniasis remains endemic in 88 countries of the world with an annual incidence of about two million cases. Although the global incidence of visceral Leishmaniasis or Kala Azar (KA) is about half a million per year, 90% of these cases are found in Bangladesh, Brazil, India, Nepal and Sudan. The re-emergence of KA requires systematic analysis of the potential determinants 1 . The environmental and geographical factors are important determinants of KA incidence but health policy changes are not that effective in altering these factors. Policy relevant socioeconomic determinants are more important in designing effective health interventions.
We know that a number of important determinants of the disease are systematically associated with social disadvantage and marginalization 2 but little is known about the causal pathway from the community level characteristics to the disease incidence. Social factors like government expenditure, population density, income distribution, poverty, infrastructural development and other community-level factors modify the magnitude and direction of KA transmission probability, given the environmental conditions and geographical situation. For the success of disease control activities, it is important to design interventions by taking into account not only the environmental factors but also the community level socioeconomic factors. In Nepal, KA is confi ned to 12 low altitude tropical climate districts of the country and a number of studies have mentioned a host of socio-economic, cultural, environmental and governance factors as the root causes of the disease 3, 4, 5, 6, 7, 8 . Community-level poverty is both a cause and a consequence of poverty and the vicious cycle of poverty and KA makes it one of the most intractable problem for poor communities of the country 5, 9 .
Although the possible determinants of KA in endemic countries have been widely reported, most studies appear to base the conclusions by using either qualitative approaches or subjective speculations. Nevertheless, the literature consistently supports the conclusion that poverty is an important cause of KA in endemic areas 4, 5, 10 . This information alone is not helpful to policy makers who would like to fi nd out the possible consequences of poverty reduction on KA incidence as well as what policy options one can use to break the vicious cycle of poverty and infectious diseases 9 . Only a few studies 11, 12 have attempted to analyze the risk factors of KA by utilizing household level data but none indicates in quantitative terms the potential effects of various factors on the incidence of KA.
Since KA is usually fatal within a short period of time, KA cases are often assumed as incident cases. In this study, KA incidence has been expressed in terms of cases per ten thousand population. Since KA adversely affects the economic situation of households, it makes the relatively poor households even poorer 5, 13 . In Nepal, KA is primarily confi ned to twelve districts of Terai belt bordering the State of Bihar, India. In fact, KA is a common public health problem of Bangladesh, India and Nepal and regional collaborative efforts should be undertaken to control the disease 3, 14, 15 . The Governments from these three KA endemic countries have recently made their commitments to eliminate KA from the Indian sub-continent 15. The target annual incidence rate has been set at less than one case per ten thousand population by 2015 3, 15 . In Nepal, reported incidence rates have varied from about four to fi ve cases per ten thousand since 2000 and therefore, considerable improvements will be required to achieve the target rate by 2015. Fig. 1 shows the incidence rate of KA in Nepal over the years 1980 to 2006. Nepal's experience clearly indicates that the existence of an effective disease control program is not enough for reducing the incidence of KA. In fact, the incidence of KA in Nepal has been increasing over the last one decade despite the presence of highly visible KA control and treatment program.
This paper contributes to the literature by quantifying the effects of socioeconomic factors on the incidence of KA at the community level. Multivariate regression model has been used to identify the factors affecting KA incidence by utilizing community level variables collected from various sources. This paper is organized as follows: the second section below presents the KA incidence scenario in Nepal. In the third section, we discuss the methods and materials used and the empirical strategy employed. The empirical results are presented in the fourth section and the fi fth section discusses the results and policy implications. Concluding observations are presented in the last section.
Materials and methods
Research design: The study used descriptive and causal comparative econometric design. Cross sectional data were collected from primary and secondary sources. The study has focused on two issues: estimating the determinants of burden of disease in the community and measuring in quantitative terms the potential effects of poverty alleviation programmes on incidence of KA. Methodological triangulation was employed in the data collection, analysis and interpretation in order to improve quality of research. Information on community level characteristics was obtained from different sources for 204 KA endemic communities (ilaka) for 12 districts. The community is the unit of analysis in this study.
Sources of data:
This research is based on the analysis of cross sectional small area data. The data needed for the study were collected from different sources, both primary and secondary. Secondary sources are the documents and reports published by the Central Bureau of statistics (CBS), Ministry of Health and Population (MOHP), External Development Partners (EDPs) and other published and unpublished literatures. Community level poverty data were available for small areas (ilaka level) in CBS report 2006 16 . Ilaka is a group of villages that is defi ned by CBS. All KA endemic districts of Nepal are divided into 204 small areas. Therefore, we collected required data based on 204 small areas. Data on KA cases were obtained from records, fi les and reports of district public health offi ces and central offi ces. Data were triangulated from various sources to maintain reliable and accuracy of data, for example, if the communities were not identifi ed from the district health offi ces, data were grouped and regrouped according to identifi ed communities with the help of local people. Other data that were not available in the districts or in the community were collected from central offi ces, such as publications of CBS. Community level variables used in the analysis are: the number of KA cases in the area, population at risk, incidence, intensity and severity of poverty, population density, per capita government expenditure, coverage of clean drinking water supply, infrastructural characteristics etc. However, a number of important variables like access to health care services, caste, urbanization and other environment related data at the community level were not available.
We, therefore, decided to use some proxy variables, such as percentage of disadvantaged population as a proxy for caste and contraceptive prevalence rate (CPR) as a proxy for healthcare access. Although CPR is not related to the disease, higher CPR indicates better access to health services. Only the KA incidence and poverty rates are available for the individual small areas (ilaka) and all other variables are district specifi c. All data were transferred into Statistics/Data Analysis Stata Corp. STATA 10.1 statistical packages for analysis.
Defi nition of variables:
Most of the community related information was for 2003/04, although the community level KA incidence data were available for 2004 to 2006. To ensure consistency with other community level variables and minimize the possible missing cases, this study has used average KA cases for the year 2004 to 2006. The community level poverty measures were also available at the small-area level and this study has used the published poverty incidences. Factors refl ecting the preventive aspects of KA were measured by coverage of drinking water. Road density, measured as kilometers (km) of road per 100 square km area, was used as a variable for infrastructural development. For infectious diseases like KA, population density should affect transmission probability positively. We have also included total governmental development expenditure in the district per person to indicate the possible effects of governmental inputs in overall development and quality of public services. For each of the districts, proportion of population disadvantaged was defi ned as the percent of minority caste/ ethnic population living in the area where literacy rate among them is no more than 30%. CPR is defi ned as number of fertile couples using contraceptives per 100 married women of reproductive age. Table 1 lists all the variables used in the analysis.
Statistical methods:
In this study, we have used regression model to identify the factors explaining the variability of KA incidence rates across small areas. We have used ordinary least square for the empirical estimation of the equation. In general form, the regression model can be written as: Among the variables listed, we expect that poverty and population density should have positive impact on KA incidence. By contrast preventive measures, road, education, government expenditure and drinking water should reduce the incidence of KA. We have used CPR as a proxy for health knowledge and willingness to utilize health services in general. Since it is not specifi c to KA, this may not turn out to be important in empirical estimation. The percent of population disadvantaged, defi ned as minority population group with low educational attainment, may capture some aspects of social exclusion and disparity. Table 3 reports the estimated coeffi cients of the regression model. F statistic of the regression equation shows that the independent variables are jointly statistically signifi cant at 1% level. Although the R 2 value is not very low, it is lower than what is expected for cross-sectional geographic analysis. All independent variables are statistically signifi cant in a two-tailed test at 1% or 5% or 10% signifi cance levels. The results of the regression model suggest that poverty incidence rate, population density and CPR affect the KA incidence rates across the small areas positively. The direction of the coeffi cient of CPR in the model was not expected. This probably indicates that the measure is not a good proxy for access to healthcare services in the area.
For easy interpretation of the coeffi cients estimated, we have calculated the elasticity measures from the coeffi cients. The elasticity measures are independent of scale of measurement of the dependent and independent variables and can be interpreted or compared easily. The elasticity measures indicate that one percent increase in poverty incidence rate increase the KA rate by 1.6% while one percent increase in population density increases the KA rate by 5.74 percent. Access to quality drinking water, higher road density, higher literacy or increased governmental expenditures in development activities all reduce the incidence of KA. Increased governmental development expenditure per capita or higher road density per area can also reduce the KA incidence rates but these variables will have relatively small impact on KA.
We estimated impact of incidence, intensity and severity of poverty on KA incidence. We found similar magnitude and direction of these impacts and have reached conclusion on that poverty incidence only can effi ciently measure the link between poverty and the disease. Note: * signifi cant at 1% level, ** 5% level and *** 10 % level Source: estimated.
Discussion
The important risk factors of KA ranges from environmental and geographic features to poverty, government expenditure, population density, infrastructure development, etc. In this analysis, we found that a number of community level variables are important in explaining the regional variation of KA in the endemic districts of Nepal. Poverty incidence in an area is associated with the KA incidence rate. One percent reduction in poverty incidence should reduce KA incidence by about 1.6%, implying that poverty reduction will be a very effective mechanism of reducing KA in the area. If the poverty incidence can be reduced from the existing level of 27 percent to about 16 percent, the KA target rate can be achieved by 2015.
In addition to poverty reduction, improvements in water supply, literacy, governmental expenditure can also help in reducing KA incidence rates in the area. Another intervention that can reduce KA rate signifi cantly is the improvements in access to safe drinking water; increase in access to clean water by one percent is likely to reduce KA incidence rate by 9.4%.
Generating, synthesizing and interpreting evidence on the social determinants of infectious disease is feasible and quantifying the underlying determinants of KA and their elasticity is possible but addressing the KA incidence remains diffi cult and challenging. One of the diffi culties is that the links between the disease and the socio economic factors are multiple and complex and often the inter-correlations among the community level factors make it diffi cult to identify the proximate causes or factors 2, 5, 9 . The precise causal pathways from various socioeconomic factors to disease incidence are not fully understood and this gap in our knowledge has affected our ability to identify the most important determinants of KA. Untangling the relationship between burden of disease and socioeconomic status has proven to be a diffi cult process. For example, the association between poverty and infectious disease refl ects causality running in both directions: poverty breeds disease, and disease keeps poor people poor. Unless longitudinal data are used, it is not possible to quantify the effects of the variables on KA incidence and the effect of KA incidence on the potential socioeconomic factors.
The multivariate analysis confi rmed that burden of KA is disproportionately borne by vulnerable and marginalized groups. KA is most entrenched in the poorest communities. Poverty in the community is one of the primary determinants of KA. If the incidence of poverty declines by 10 percent, it will lead to reduction in KA incidence by 16% at the community level. This result contradicts the results reported by Bern et al, 2005 who found that income, land ownership and other assets were not important as determinants of KA in Bangladesh 18 . Some studies did fi nd poverty and infectious disease links 5, 7, 13, 19, 20 . In the analysis of KA, poverty-disease incidence link is diffi cult to establish due to the interactions between these two variables 5, 9, 21, 22 .
Finally, we should mention some of the limitations of the study methodology and data. The most important limitation is the lack of reliable data on KA disease incidence rates by community. This study has used information collected at the health facility level to generate geographic distribution of the disease. Although about 80% of KA cases show up in health facilities 23 , it is still a signifi cant underestimation of community level incidence. Proportion of KA patients seeking care from health facilities may also be different for different communities, thus distorting the community level incidence rates. Another limitation of the study is that not all variables are available in Nepal for the small areas used as the unit of analysis here. For example, a number of variables are actually district specifi c and we have assigned district level average values to the small areas in the district.
Conclusions
At least three points are worth highlighting in the conclusions. First, little is known about the relative importance of characteristics of community in the determinants of incidence of KA. The multivariate analysis has confi rmed that some of the community characteristics, for example, poverty, population density, contribute to increase incidence of KA; however, access to safe drinking water, infrastructure development, literacy contribute to reduce incidence of KA. Government expenditure pays roles in supply side effi ciency in producing public services. Second, the association between poverty and KA refl ects causality running in both directions: poverty multiplies KA incidence and KA pushes poor into marginal poor or further poverty. Third, the strategy for disease control or elimination should shift from traditional diseasecentered approaches to a holistic approach that can break the links between poverty and KA.
